ABSTRACT: Four Holstein steers with ruminal and duodenal cannulas were used in a 4 × 4 Latin square design to examine the effect of daily intake of 0, 2, 4 or 6 g/steer of standardized plant extract containing a mixture of quaternary benzophenanthridine alkaloids and protopine alkaloids (QBA+PA) on the characteristics of ruminal fermentation and characteristics of digestion. The basal diet consisted of a steam-flaked corn-based finishing diet that contained 62% corn and 12% sudangrass hay and the rest of diet was composed of mainly dried distillers grains, molasses, fat, and minerals. The source of QBA+PA used was Sangrovit-RS (Phytobiotics Futterzusatzstoffe GmbH, Eltville, Germany) and supplementation levels of 2, 4, and 6 g Sangrovit-RS•steer -1 •d -1 , which represented a net daily ingestion of approximately 6, 12, and 18 mg of QBA+PA compounds, respectively. Inclusion of QBA+PA linearly increased (P = 0.04) flow to the duodenum of nonammonia N and linearly decreased (P < 0.01) duodenal flows of ammonia N. Ruminal microbial efficiency (duodenal microbial N; g/kg OM fermented in the rumen) and protein efficiency (duodenal nonammonia N; g/g N intake) were increased (P < 0.05) as the level of QBA+PA increased. There were no effects of QBA+PA supplementation on ruminal, postruminal, and total tract digestion of OM, starch, and NDF, but postruminal and total tract digestion of N increased (P < 0.01) as the level of QBA+PA increased. Digestible energy of the diet tended to increase (linear affect, P = 0.09) with QBA+PA supplementation. Ruminal pH and total VFA molar concentrations were not different between treatments. Ruminal NH 3 -N concentration linearly decreased (P = 0.02) with QBA+PA supplementation. Ruminal molar proportion of acetate increased (P = 0.04) as the supplementation level of QBA+PA increased. It is concluded that QBA+PA supplementation enhances efficiency of N utilization in feedlot steers fed a steamflaked corn-based finishing diet. This effect was due, in part, to enhanced ruminal microbial efficiency, decreased ruminal degradation of dietary nonammonia N, and enhanced postruminal N digestion.
INTRODUCTION
Concern over the use of regulated growth-enhancing drugs in feed formulations for livestock has furthered interest in the search for generally-recognized-assafe alternatives. Among these, phytogenic compounds such as some isoquinoline alkaloids extracted from plants have shown promise as feed additives in broilers and pigs (Greathead, 2003) . Quaternary benzophenanthridine alkaloids and protopine alkaloids (QBA+PA) have been shown to have antimicrobial (Newton et al., 2002) , anti-inflammatory (Tanaka et al., 1993) , and immunomodulatory effects (Chaturvedi et al., 1997) . With respect to digestion, these compounds suggested an ability to reduce in vitro the activity level of AA degradation enzymes such as decarboxylase (Drsata et al., Evaluation of isoquinoline alkaloid supplementation levels on ruminal fermentation, characteristics of digestion, and microbial protein synthesis in steers fed a high-energy diet 1996) and decrease in vitro ammonia N concentrations (Smink and van der Kolk, 2004) . The antimicrobial effects of QBA+PA modulate growth of gastrointestinal microbiota (Juśkiewicz et al., 2011; Cushnie et al., 2014) and their effects appear to be selective, because QBA+PA supplementation potentiated the effects of fibrolytic enzymes improving fiber digestion in broilers (Sze and Chwen, 2011) . Theoretically, all these effects are advantageous for ruminants fed high-energy diets; however, research of the potential of QBA+PA as feed additives for cattle is limited and there is no information available on the effects of QBA+PA supplementation levels on in vivo ruminal fermentation parameters, microbial protein synthesis, and site and extent of digestion of nutrients in feedlot cattle fed high-energy diets.
Considering that isoquinoline alkaloids have shown promising results in N retention and fiber digestion and on improving nutrient absorption in nonruminant species, it was hypothesized that QBA+PA supplementation has the potential benefit as a feed additive to cattle fed finishing diets. The objective of this trial was to evaluate the effect of different inclusion levels of a standardized plant extract containing QBA+PA on the characteristics of ruminal fermentation, characteristics of digestion, and microbial protein synthesis in steers fed a finishing diet.
MATERIALS AND METHODS
The trial was conducted at the Ruminant Metabolism Experimental Unit of the Instituto de Investigaciones en Ciencias Veterinarias of the Universidad Autónoma de Baja California located 10 km south of Mexicali City in northwestern México (32°40'7" N, 115°28'6" W). The area is about 10 m above sea level and has Sonoran desert conditions (BWh classification according to Köppen [Neto et al. 2015; Bassco et al. 2014; Fonsêca et al. 2014; Souza et al. 2014.] ). All animal management procedures were conducted within the guidelines of locally approved techniques for animal use and care.
Animals, Treatments, and Sampling
Four Holstein steers (253 ± 9 kg live weight) with ruminal ("T" tygon cannula with 3.8 cm i.d.) and duodenal ("T" tygon cannula with 1.9 cm i.d.) cannulas were used to examine the effect of different inclusion levels of a standardized plant extract contained QBA+PA on the characteristics of ruminal fermentation, characteristics of digestion, and microbial protein synthesis in steers fed a finishing diet. The ruminal and duodenal cannulas were placed as described by Zinn and Plascencia (1993) . The source of QBA+PA used was Sangrovit-RS (Phytobiotics Futterzusatzstoffe GmbH, Eltville, Germany), which is a standardized plant extract preparation consisting of the QBA+PA extract from Macleaya cordata. The extract is standardized to contain 3 g of quaternary benzophenathridine and protopine alkaloids per kilogram of product.
Steers were housed in individual pens (3.9 m 2 ) in an indoor facility, with a concrete floor covered with a neoprene mat, automatic waterers, and individual feed bunks. All steers received ad libitum access to the basal diet (Table 1) for 21 d before the initiation of the trial. Although there is no comparable data regarding the effects of QBA+PA in ruminant studies, previous reports Kantas et al., 2015) indicated that doses from 0.75 to 3 mg of QBA+PA/kg of diet can positively impact nonruminant species and that the dosage level can affect the levels of responses (Rawling et al., 2009) . Therefore, the treatments consisted of a basal diet (Table 1) supplemented to provide 0, 2, 4, or 6 g•steer -1 •d -1 of Sangrovit-RS, which represents a net daily ingestion of approximately 0, 6, 12, and 18 mg of QBA+PA, respectively (which approximately corresponds to 1, 2, and 3 mg of QBA+PA/kg of feed, respectively). The dose of QBA+PA of each treatment was weighed using a precision balance (model AS612; Ohaus Corporation, Pine Brook, NJ) and was added in equal proportions to the (NRC, 2000) with the exception of supplemental fat, which was assigned NEm and NEg values of 6.03 and 4.79, respectively (Zinn, 1988) .
basal diet (top-dressed) at the time of feeding. The basal diet was fed in 2 equal proportions at 0800 and 2000 h daily. Chromic oxide (3.0 g/kg of diet on an air-dry basis) was used as an indigestible marker to estimate nutrient flow and digestibility (on a DM basis, the daily ingestion of chromic oxide averaged 14.87 ± 0.71 g). Chromic oxide was premixed with minor ingredients (urea and mineral supplement composed of limestone and trace mineral salt) in a 2.5 m3 capacity concrete mixer (model 30910-7, León Weill, S.A., Coyoacán, México) for 5 min, and then the final product was incorporated after the steam-flaked corn was added to the mixer. Steam-flaked corn was prepared to provide flake density of 0.36 kg/L, whereas sudangrass hay was ground in a hammer mill (Bear Cat number 1A-S; Westerns Land and Roller Co., Hastings, NE) with a 3.81-cm screen before incorporation into complete mixed diets. To avoid feed refusals, DM intake was restricted during the experiment to 5.31 kg/d (90% of observed DM intake during a 14-d preliminary period before the start of the trial). Experimental periods consisted of 21 d, with 17 d for dietary treatment adjustment and 4 d for sample collection. During the collection period, duodenal and fecal samples were taken from all steers twice daily as follows: 0750 and 1350 h on d 1, 0900 and 1500 h on d 2, 1050 and 1650 h on d 3, and 1200 and 1800 h on d 4. Individual samples consisted of approximately 500 mL of duodenal chyme and 200 g (wet basis) of fecal material. Feed, duodenal, and fecal samples from each steer and within each collection period were prepared for analysis as follows: Samples were first oven-dried at 70°C and then ground in a laboratory mill (Micro-Mill; Bell-Arts Products, Pequannock, NJ). Samples were then oven-dried at 105°C until constant weight and stored in sealed glass jars. During the final day of each collection period, ruminal samples were obtained from each steer at 4 and 8 h after feeding via the ruminal cannula. Ruminal fluid pH was determined on fresh samples. Samples were then strained through 4 layers of cheesecloth. For VFA analysis, 2 mL of freshly prepared 25% (wt/vol) metaphosphoric acid was added to 8 mL of strained ruminal fluid and centrifuged (17,000 × g for 10 min at 4°C) and the supernatant fluid was stored at -20°C. For ammonia N analysis, 10 mL of strained ruminal fluid was acidified with 0.5 mL of 6 N HCL and stored at -20°C. Upon completion of the trial, at 1200 h (4 h after the morning feeding), ruminal fluid (approximately 500 mL) was obtained from all steers and composited for isolation of ruminal bacteria via differential centrifugation (Bergen et al., 1968) as follows: 1) Ruminal fluid was diluted 50:50 with 0.16 N saline (37°C), agitated gently for about 30 s, and strained through 4 layers of cheesecloth; 2) the strained fluid was promptly transferred into centrifuge bottles and spun at 2,000 × g for 10 min at 10°C; 3) the supernatant was decanted and centrifuged at 43,000 × g for 20 min at 10°C; and 4) the supernatant was decanted and the pellet was isolated, oven-dried (70°C), and then ground with a mortar and pestle. The microbial isolate served as the purine:N reference for the estimation of microbial N (MN) contribution to chyme entering the small intestine (Zinn and Owens, 1986) . The time required to consume approximately 90% of the morning feed allowance (meal duration) was recorded for each steer during the last 14 d of each experimental period.
Sample Analysis and Calculations
Feed, duodenal, and fecal samples were subject to the following analysis: DM (oven drying at 105°C until no further weight loss; method 930.15; AOAC, 2000); ash (method 942.05; AOAC, 2000) ; Kjeldahl N (method 984.13; AOAC, 2000); neutral detergent fiber assayed with amylase and expressed exclusive of residual ash (Van Soest et al. [1991] , corrected for NDF ash and incorporating heat-stable α-amylase [Ankom Technology, Macedon, NY] at 1 mL per 100 mL of NDF solution [Midland Scientific, Omaha, NE]); chromic oxide (Hill and Anderson, 1958) , and starch (Zinn, 1990) . In addition, GE (using an adiabatic bomb calorimeter model 1271; Parr Instrument Co., Moline, IL) was determined for feed and fecal samples. Ammonia N (method 941.04; AOAC, 2000) and purines (Zinn and Owens, 1986) were determined in duodenal samples. Concentrations of VFA in ruminal fluid were determined by gas chromatography using a 10% SP-1200/1% H 3 PO 4 on an 80/100 Chromsorb W AW (Agilent Technologies, Santa Clara, CA) packing in a 183 by 22 cm i.d. glass column with column, inlet, and detector temperatures maintained at 120, 195, and 200°C, respectively, and with N 2 carrier gas flow rate at 20 mL/min (Zinn, 1988) . Ammonia N in ruminal fluid was determined by procedures adapted from Fawcett and Scott (1960) .
Organic matter of feed and digesta samples was estimated as the difference of DM minus ash content. Microbial OM and MN entering the duodenum (measured from a duodenal cannula placed 6 cm from the phyloric sphincter) were calculated using purines as a microbial marker (Zinn and Owens, 1986) . Organic matter fermented in the rumen was considered equal to the OM intake minus the difference between the amount of total OM reaching the duodenum and the microbial OM reaching the duodenum. Feed N escape to the small intestine was considered equal to the total N leaving the abomasum minus ammonia N and MN and thus includes any endogenous contributions. Ruminal microbial efficiency was estimated as duodenal MN (g/kg OM fermented in the rumen) and protein efficiency represented the duodenal nonammonia N (NAN; g/g N intake). Methane production was calculated based on the theoretical fermentation balance for observed molar distribution of VFA and OM fermented in the rumen (Wolin, 1960) .
Statistical Analysis
The effects of the QBA+PA level on characteristics of digestion were analyzed as a 4 × 4 Latin square design using the MIXED procedure (SAS Inst. Inc., Cary, NC). The fixed effects consisted of treatment and period, and steer was a random effect. The statistical model for the trial was as follows: Y ijk = μ + S i + P j + T k + E ijk , in which Y ijk is the response variable, μ is the common experimental effect, S i is the steer effect (n = 4), P j is the period effect, T k is the treatment effect (dose levels of 0, 2, 4, and 6 g•steer -1 •d -1 , which were randomized assigned to the steers in the first period), and E ijk is the residual error. Treatments effects on digestion and fermentation variables were tested by means of polynomial contrasts (SAS version 9.3). Duration of meal (offered in the morning), which was recorded in each animal in the last 14 d of each period (56 observations per treatment), and ruminal fermentation data, which are presented as average of the samples obtained at 4 and 8 h after feeding (8 observations per treatment), were analyzed with a linear mixed model for repeated measures in a 4 × 4 Latin square design according to SAS (version 9.3). The model included the effects of treatment, repeated measure (duration of meal or average of the samples obtained at 4 and 8 h after feeding), period, and the interaction of repeated measure × treatment as fixed effects, with animal as a random effect. As the repeated measurements are taken over time on the same animal, they show correlation or exhibit variability that changes; then, 3 covariance structures were evaluated by fit: unstructured, compound symmetry, and first-order autoregressive using Akaike's information criterion and Schwarz's Bayesian information criterion; covariance structures with smaller values were better. The analysis was performed with the MIXED procedure of SAS software. In all cases, least squares means and SE are reported and contrasts were considered significant when the P-value was ≤0.05, and tendencies are identified when the P-value was >0.05 and ≤0.10.
RESULTS AND DISCUSSION
There were no feed refusals. Rate of feed consumption was similar (P = 0.56) across treatments. The time required to consume 90% of the morning feeding averaged 31.3 min (5.9 ± 0.6 min/kg DM). This rate of DM intake is consistent with previously reported ranges of 4 to 10 min/kg DM (Grant and Albright, 2000; Plascencia et al., 2011) .
Treatment effects on characteristics of ruminal and total tract digestion are summarized in Table 2 . Flows of OM, NDF, and starch to the duodenum did not differ (P ≥ 0.27) among treatments, but QBA+PA supplementation increased (linear effect, P = 0.04) the flow of NAN and decreased (linear effect, P < 0.01) duodenal flows of NH 3 -N. Consequently, ruminal N efficiency (NAN flow to the duodenum/N intake) was linearly (P < 0.05) increased with QBA+PA supplementation. The increased duodenal flow of NAN was due, in part, to the trends for linear increases on ruminal escape of feed N (P = 0.10) and on the duodenal flow of MN (P = 0.06). Decreases of ruminal degradation of feed N in steers supplemented with certain antimicrobials (such as ionophores) have been previously reported (Zinn, 1988; Zinn et al., 1994) . The reduction on peptide degradation and AA deamination is mainly attributed to inhibition of high ammoniaproducing bacteria (Yang and Russell, 1993) . However, in vitro studies by Drsata et al. (1996) revealed that QBA+PA supplementation decreased breakdown of AA, mainly by inhibition of aromatic AA decarboxylase.
The numeric trend (P = 0.06) for increased net MN flow to the small intestine with increasing QBA+PA supplementation was surprising in that supplementation with antimicrobial compounds often results in decreased net microbial protein synthesis (Zinn, 1987; Zinn et al., 1994) , largely through inhibition of Gram-positive bacteria (Chen and Russell, 1991) . Sanguinarine and chelerthryne, principal compounds of the quaternary benzophenanthridine alkaloids in Sangrovit-RS, have significant dose-dependent antibacterial activity against Gram-positive and Gram-negative bacteria (Opletal et al., 2014) . It has been stated that recycling of microbial protein is a factor that depresses microbial growth efficiency and that most recycling is thought to be mediated by protozoa predation. Decreasing or removing protozoa from the rumen has been shown to increase microbial efficiency (VanSoest, 1994) . Because the selective antimicrobial effects of QBA+PA in the rumen environment have been not evaluated, more research is needed to further asses the role of QBA+PA in modulating ruminal microbial (protozoa and bacteria) growth in vivo and its effect on the ruminal dynamic of N.
There were no effects (P > 0.50) of QBA+PA supplementation on ruminal digestion of OM, NDF, and starch. Due to antimicrobial properties of QBA+PA, some decrease in ruminal NDF degradation was expected. Indeed, a characteristic response to antibiotic supplementation has been decreased ruminal fiber digestion (Zinn, 1993) . However, effects may differ according to the source (selective effects) and level of supplemental antibiotic. For example, in an experiment conducted by Salinas-Chavira et al. (2009) , ruminal NDF digestion was depressed in steers supple- 1 The source of QBA+PA used was Sangrovit-RS (Phytobiotics Futterzusatzstoffe GmbH, Eltville, Germany).
2 Duration of meal (offered in the morning) was registered in each animal in the last 14 d of all periods (56 observations per treatment).
3 NAN = nonammonia N.
MN = microbial N.
5 Organic matter fermented in the rumen was considered equal to the OM intake minus the difference between the amount of total OM reaching the duodenum and the microbial OM reaching the duodenum.
6 Microbial efficiency estimated as duodenal MN (g/kg OM truly fermented in the rumen).
mented with monensin but was unaffected in steers supplemented with virginamycin. The absence of effect of QBA+PA on OM ruminal digestion with increases on net MN synthesis resulted in greater (P < 0.05) ruminal microbial efficiency (MN; g/ kg OM fermented in the rumen) as the level of QBA+PA increased.
There were no treatment effects on postruminal and total tract digestion of OM, NDF, and starch. However, postruminal and total tract digestion of N were increased (P < 0.01) as the level of QBA+PA was increased. Considering that steers were fed with the same level of protein (22 g of N daily), the reasons for this difference in digestion of protein is not apparent (Holter and Reid, 1959) . A possible explanation is the higher ratio of dietary to microbial protein entering the intestine for QBA+PA treatments (ratio of dietary to microbial protein entering to intestine for QBA+PA treatments averaged 95.6, whereas for controls, the ratio was 93.0). Feed protein is usually more digestible than microbial protein (Van Soest, 1994) , and this phenomenon can explain the increased N digestibility observed in QBA+PA treatments. Improvement in protein retention by reducing the intestinal decarboxylation of aromatic AA have been argued as a possible cause of greater N retention in nonruminant species when supplemented with QBA+PA (Vieira et al., 2008) . The above assumption is based on the findings of Drsata et al. (1996) . In an in vitro test, those researchers observed a strong and irreversible inhibitory effect of QBA+PA on the enzyme aromatic AA decarboxylase extracted from the liver of the rat. Inhibitory effects were effective at low concentrations of QBA+PA (1.2 × 10 -4 M), although it should be noted that the effects of QBA+PA has not been evaluated in the rumen environment.
The DE value of the diet tended to increase (linear effect, P = 0.09) as QBA+PA supplementation increased. There is no other information reported in the literature with which to compare effects of QBA+PA on dietary DE in ruminants. But the improvement in total tract DM digestion in pigs and broilers that were fed with supplemental QBA+PA was attributed to an enhanced absorption and/or improvement in fermentative processes in the lower gastrointestinal tract (Vieira et al., 2008; .
Treatment effects on ruminal pH, ammonia N, VFA molar proportions, and estimated methane production are summarized in Table 3 . The ruminal pH (sampled 4 and 8 h after feeding) averaged 6.31 ± 0.27 and was not affected (P ≥ 0.16) by treatments. The effect of QBA+PA supplementation on ruminal pH in cattle has not previously been reported. In broilers, QBA+PA supplementation did not affect the pH of cecal digesta (Zduńczyk et al., 2010; Juśkiewicz et al., 2011) .
Consistent with decreased duodenal ammonia N (Table 2) , QBA+PA supplementation decreased (linear effect, P < 0.01) the ruminal ammonia N concentration. According to Chen and Russell (1991) , this effect is attributable to decreased proteolysis and deamination of AA.
Consistent with the lack of treatment effects on ruminal OM digestion, total ruminal VFA concentration was also unaffected by QBA+PA supplementation. However, QBA+PA supplementation increased (linear effect, P = 0.03) the ruminal molar proportion of acetate. Differences in molar proportions of propionate and butyrate, acetate:propionate molar ratio, and estimated methane production did not differ (P > 0.20). Likewise, Smink and van der Kolk (2004) observed an effect on increases on molar proportion of acetate without an effect on total VFA production and molar proportions of propionate and butyrate when they studied in vitro effects of QBA+PA on fermentation of concentrate-based diets. Generally, the effects of supplemental antimicrobials on ruminal VFA molar proportions have not been consistent. Some reports showed that ionophores can be affective in altering ruminal fermentation, specifically increasing molar proportions of propionate and decreasing molar proportions of acetate and estimated methane production (Quinn et al., 2009; Wingard, 2014) . However, numerous other studies (Zinn, 1987; Galyean et al., 1992; Salinas-Chavira et al., 2009 ) revealed little or no change in ruminal VFA molar proportions or estimated methane production with ionophore supplementation.
Although no differences were detected in the butyrate molar proportion (P > 0.16), QBA+PA supplementation resulted in a numeric decrease (24.5%) in the butyrate molar proportion. Jankowski et al. (2009) observed a 28% decrease (P < 0.01) in cecal butyrate production in broilers supplemented with QBA+PA extracted from Macleaya cordata. Declines in butyrate production in some studies may reflect reductions in Clostridium populations (Van den Abbeele et al., 2013) . Rahman et al. (2009) demonstrated potent antibacterial activity of QBA+PA extract in vitro against several Gram-positive bacteria including Clostridium. Further work is warranted to quantify this potential modulating effect of quaternary benzophenanthridine alkaloids on ruminal and postruminal clostridial growth in feedlot cattle.
As the level of QBA+PA increased, valerate production decreased (P < 0.01). Because changes in valerate production reflect microbial fermentation of polypeptides and AA , therefore, this reduction of ruminal valerate is consistent with decreases in ruminal feed protein degradation and in the lower concentration of ruminal NH 3 -N observed in the present experiment (Table 2 ).
In conclusion, daily consumption of Sangrovit-RS, a standardized source of QBA+PA used in this experiment, at levels of up to 6 g/d (approximately 18 mg of QBA+PA compounds/steer -1 •d -1 ) does not affect feeding behavior of cattle fed high-concentrate diets. Supplementation with QBA+PA enhanced efficiency of N utilization in feedlot steers fed a steam-flaked corn-based finishing diet. This effect was due, in part, to enhanced ruminal microbial efficiency, decreased ruminal degradation of dietary feed N, and enhanced postruminal N digestion. (Wolin, 1960) .
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